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SYNTHESIS OF DEAZAPURINE NUCLEOSIDES 



The present irveniion relates to the preparation of innicazo *^0-c ^ 
pyridine derivatives. More specifically tne invention is concerned with 
the ore::aration o: --substituted- I -B-O-ribcsv : in-icaz-:--* -,^-c^ovr:dines. 



^-Substituted-l-5-D-r:bcs\'! iriidazo-^-.^-c'cyridines ( ■ ^ 




OM C-H' 



3 are of interest as compounds of pharmacological activ:ty and /or as inter- 
mediates thereto. For exam.pie S-deazaadenosine, ^-amino- I -p-D-r ibo- 
furanosyl-IH-im:dazo(^,3-c) pyridine ( (I), R = NH^ ) has generated considerable 
interest as a compound of biological potential ( see for example P.K. Chiang 
et al. , Molec , Pharm. 1977, V}, 939-9^7 ). In particular 3-deazaadeno5ine 

[0 has been taught as an antifocal and antiviral agent ( US Patent No. 

<^ 1^8 8SS ) and an immunosuppressant ( European Patent Application No. 
791039^7.2 ). 



i*-Chloro-i-£-D-ribof jrancsvl-lH-imicazo-^^p-c) oyridine ( (I) R^Ci ) 
is a key Intermiediate in the preparation of a number of compounds of formula 
^ I ), including the --ammo derivative r-efer^r-d to above, as desc^ized :o' 
exam:pie bv:- 
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Mizunoetal., Chem. Pharm. Bull. ( Tokyo ) 1968, 16, 2011; 
Montgomery & Townsend, 3, Med. Chem. 1966, 9, 105; 
and 

Rosseau et. al., Biochemistry 1966, 5. 756. 
5 Other compounds of formula (I ) of interest include for example the ^l-mercapto 
and i;-thiomethyl derivatives ( Montgomery & Townsend, jupra. ) 

The potential of these a-substituted-l-^-D-ribofuranosyl-l H-imidazo- 
(^5-c) pyridines has been limited, however, by reason that they are not 
readily prepared. The usual route is ribosyiation by conventional organic 
iO chemical means of selected intermediates, in particular the ^-chloro derivative 
( (I), R = CI ) followed where necessary by modification of the substituent 
at the 4- position. 

However, the yields of the ribosyiation step have been relatively 
low ( 30 -40% ) and the reactions used are well known to be stereochemically 
15 non-specific leading to products of doubtful stereochemistry and requiring 

extensive purification procedures. In addition, the nature of these chemical 
reactions is such that they are not readily adaptable to a large scale production. 



Attempts have been made to provide improved syntheses of these 
ii-substituted compounds in particular the 4-amino compound for example 
that described by May and Townsend, JX^ Chem. Comnnun,, 1973, 

where the ribosyiation was carried out on 4,6-dichloro-l H-imidazo(4,5- 
c) pyridine. Whilst this improved the yield of the ribosyiation step to about 

it suffered from the disadvantages that the intermediate ( III ) is 
less readily accessible and that the product obtained from the ribosyiation 
step requires additional steps to convert it to compounds of formula ( I ). 



20 



25 
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Tis method, beiiT^chennical, also suffers from the dT?5dvantages inherent 



in such a method and referred to above. 

The problem of the preparation of purine nucleosides by chemical 
means is generally recognised and with certain purine bases this has been 
3 overcome by means of an enzymatic pentcsy latlon ( see for example European 
Patent Aoplicaticn No. 7Si0129:5.C \ a purine nucleoside phosoncry lase 
ce.ng usee as the essential catalyst. 

It is well known that enzymes have a high degree o: soeciricity and 
:na: smjall changes in the substrate(s) may m^arkedly affect the en::ymie's 

IQ ability to catalyse a reaction. It has been reported that modification of 
the o'jrine base by removal of or addition to the heter ;cyclic ring svstem 
of a nitrogen atom affects the ability of the base to act as a substrate for 
purine nucleoside phosphory iases. Thus a number of 3-deazapurines have 
been showm not to be substrates for mammalian purine nucleoside phosohor ylase 
( Towmsend et. al., Lectures in Heterocyclic Chemistry Vol. ^, supplement 
to 2i Hetero. Chem . 1978, [5, 5-19 to S-93 ) and 7-deazaadenosine, 7- 
deazainosine and S-azaguanosine have been shown not to be substrates for 
microbial purine nucleoside phosphory lase ( Doskocll and Holy, Coll . Czeck. 
Chem. Commun ., 1977, 370 - 383 ), Further it has been shown that 

20 3-deazapurine nucleosides have conformations which differ from their purine 
counterparts ( Ludemann et, al., A. Natur f orsch , 1978, 33C, 305 - 316; 
May et. al., 2i Amer. Chem . Soc, 1976, 98, S25 - S30 ) suggesting that 
purines and 3-deazapurines miay be expected to behave differently in the 
relevant enzyme systems. 

25 have now suprism^iy found that --suostituted 1 H-:midazo-{^,5- c ; 
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pyridines may be readily ribosylated by an enzymatic method, with the 
advantages over the prior art chemical methods that it is stereospecific, 
adaptable to large scale production and offers improved yield in the ribosy- 
lation reaction. 

The present invention accordingly provides a method lor preparation of 
i^-substituted-l-^-D-ribofuranosyl-lH-imidazo(if,5-c) pyridines which method 
comprises the reaction of a if-5ubstituted-lH-imidazo(4,5-c)pyridine with 
a ribose donor system comprising ribose-1 -phosphate and a phosphorylase 
type enzyme. 

The if-substitutent may be any substituent required in the final product, 
the chemical nature of the substituent having little effect in the ease of 
the ribosylation, in contrast to the chemical methods of the prior art where 
the nature of the ^-substituent may be critical to the course of the ribosy- 
lation reaction. Of particular interest are halogens, amino, thiol, aikylthio, 
substituted amino ( including lower(C ^_g)alkyl amino and protected amino such 
as benzylamino and benzhydrylamino ) substituents. 



Of the compounds of the formula ( I ), if-amino-l-^-D-ribofuranosyl- 
lH-imidazo('f,5-c)pyridine ( R = NH^ ) is a compound of particular interest 
and may be prepared directly by ribosylation of if-amino-lH-imidazo-('f,5-c) 
20 pyridine^ a method not practicable by the prior art chemical means. 



Alternatively the «^-amino compound may be prepared by ribosylatio 
of compounds m which the 't-amino group is protected by a blocking group 
such as benzyl or benzhydryl followed by removal of the blocking group 
by conventional means, including reduction using Raney nickel, metallic 
25 sodium in liquid ammonia or hydrogen gas and an appropriate catalyst. 

CLB/DD/B325/20.3.81. 
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In a further a'ternative the amino ccnnpoLind may^e prepared 
by modification of the ribosyiation step of prior art methods. Such methods 
involve ribosyiation of ^-chloro- 1 H-innidazo(^,5-c)pyridine followed by the 
conversion of the chloro group to an amino group. This conversion may 
5 be earned out by prior art methocs such as direct amination, or by conversion 
to the ^-hydrazino derivative foliowed by hydrogenation to give the ^-amino 
compound. A'tei^native ly the chlcro compound may be converted :c a o^otec^ed 
am::nc gro^p for example oenzyiamino or oenzhy ory lam :no anc tne Oiocking 
9.roi^o removed by conventional m-ethods, for example those aescr'ibec above. 

IC Trie invention according 1\' ^rovmes in a f^rthe^ aspect a metnod 

for t^e preparation of ^-am:no- 1 -B-D-'ibof uranc5%' 1- : H -i m:cazo( ^ , 5-c^ pyridine 
which comprises enzymatic r lbos;v'lat:Gn of a compound of formula i 1 ) '>^' here in 
R is halogen or a protected amino group by the method described above 
'ollowed by conversion of the ^-substituent to an ammo group. 

15 Although the r lb ose- ! -phosphate required for the invention described 

herein may be provided by synthetic processes known in themselves in the 
literature ( Wright, R.S. and Khorana, H.G., 2, Am. Chem . See., 7S, 811 
( 1936 ), it can be convenient or even advantageous if the same is generated 
enzymatically in situ from a ribosyl donor and an inorganic phosphate to 

20 obtain the required r ibose- 1 -phosphate. Although the reactions may be 
carried out separately, that is by isolating the ribose-i -phosphate from 
an enzymatic reaction or chemically synthesizing rlbose- 1 -phosphate and 
using It as a starting material, it nas been found advantageous to carry 
out both reactions in a " one pot " pr-ocess by forming the rlbose- 1 -phosphate 

25 intermediate m situ. The net effect o: the coupled r-eactions ther-efore 

is the transfer of the rloosyl moiety of the cono^ rlbonucleosioe to tne f-ee 
3-ceazapur me base, thereby producing the cesired r ibonucleoside. 
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The ribosyr moiety donor may be a purine ribonucleoside for example, 
adenosine, a pyrimidine ribonucleoside for example uracil ribonucleoside, 
or a mixture of various ribonucleoside and non-nucleoside material. However, 
for the purpose of the present invention it is preferable that the ribo.yl 

moiety donor is substantially free from non-nucleoside material and also 

that it is a pyrimidine ribonucleoside. 

The reasons for the preference for the use of a pyrimidine ribonucleo- 
side as the donor are two-fold. Firstly, the propert.es of the donor ribonucleo- 
side are sufficiently different from those of the desired product to facUitate 
easy purification. Secondly, the donor base liberated during the course _ 
of the reaction is a pyrimidine rather than a purme which results is substantially 
less competition between the donor base and the acceptor base for the 
catalytic site on the enzyme directly involved in product synthesis ( purine 
nucleoside phosphorylase ). 



15 



20 



25 



The pyrimidine ribonucleoside donors and purine nucleoside donors 
may be prepared by any of the methods known in the art, for instance, 
according to the procedure described by Hotchiss, R. D. 3^ Chem-, 
175, 315 ( 

It has been found that both reactions described hereinabove are catalysed 
by various enzymes which are present in many different microorganisms 
and mammalian tissues. The phosphorolysis of the donor ribonucleoside 
is catalysed, for instance, by purine nucleoside phosphorylase if the donor 
.s a purine ribonucleoside, or by pyrimidine nucleoside phosphorylase, thymidine 
phosphorylase or undine phosphorylase if the donor is a pyrimidine ribonucleo- 
side. The second reaction, by which the desired 3-deazapurine ribonucleoside 
.s synthesised from the 3-deazapurine and ribose-1 -phosphate, is catalysed 
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Dv purine nuclecsice phOTphory.ase. 



The required ribosyl transferring enzyme systenn therefore may consist 
of the latter phospnorylase alone, or in combination -a ith any one of the 
former type, if the ribosv! donor is a r ibonucleoside of a pvr*;m;icine or 
ovrimidine analo^'je. 



s o *" e v 1 o J s 1 s * a t 0 , . t ".as ^ ^ s r. i o j n c * n a t the s n z v rr. e s r ? c 'J i r e c 
for the catalysis of the reactions emploved in the process of the present 
invention occur in many different microorganisms as 'A-eil as mammalian 
tissues. For the ourposes of the o resent in\'ention, hcweve". aerobic bacteria 
1^ such as 3. St earother moDhilus and esoecial'y E. coii 3, which is freely avail- 
able from the A mere: an type culture collection under deposition No-. ATCC 
1 1 303, were found to be excellent sources of sucin enzymes. The bacteria 
which provide the enzymes mav be cultured under a varier^^ of conditions. 
However, media which contained large quantities of glucose were found 
to be undesirable since the levels of the nucleoside phosphory lase enzymjes 
in the bacterial cells were depressed in the presence of glucose. 

It has been found that crude enzyme preparations are less suitable 
than purified preparations. This is due to the fact that crude preparations 
contain troublesome nucleic acids as well as enzymes other than those required 
20 for the process of the present invention. The extraneous enzymes in crude 
preparations catalyse undesirable alterations of substrates and products, 
and may even cause proteolysis of the required enzym.es themselves. 7'hese 
factors decrease not only the yield of the desired products but also the 
ease vi^'itn whucn thev can be isolated i^'om reaction mixtures. 



In most cases therefore, it ;s desirable to purify the crude enzyme 
CL3/DD/5325/2C.3.8L 
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preparations before addition to the reaction mixture. This may be acI^^evecT 
in a nurr,ber of ways known in themselves in the art. For instance, the 
desired enzymes may be separated or concentrated from extracts of the 
cells by a combination of treatment with calcium phosphate gel and .on 
exchange chromatography. Alternatively the cell extract may be treated 
with streptomycin or nuclease ( DNA ase . RNA ase ) prior to calcium phosp- 
hate gel treatment or by nuclease ( DNA ase . RNA ase ) treatment prior 

:change chromatography. Nuclease treatment is particularly advant- 
^ us if performed under dialyzing conditions at .° to aO°C, preferably 
at 25°C. Gel filtration has been found especially useful as a late or final 
step in the purification when only relatively small volumes of liquid are 
involved. 

The enzymes, provided in a sufficiently effective state and concen- 
tration, may then be used to catalyse the aforementioned reactions. A 
typical reaction mixture contains a ribosyl donor, a 3-deazapurine base, 
inorganic phosphate, for example dipotassium hydrogen phosphate ( K^HPO, ), 
and the appropriate enzyme or enzymes in an aqueous medium or in a 
medium containing up to 50% of an organic solvent such as methanol, ethanol, 
..opanol, butanol, acetone, methylethyiketone, ethyl acetate, toluene, 
tetrahydrofuran, dioxane, dimethyl sulfoxide, trichloromethane, or cellosolve. 
The preferred concentration can be from 0-001 mM to 2,000 mM, preferably 
1 to 200 mM. 

The reaction is performed at near neutral pH, that is, in the pH range 
of about 5 to 9, preferably 6.0 to S.5 and at a temperature of 3 to 70°C. 
Mild conditions are preferably since the glycosidic bond of purine ribonucleo- 
3.des IS liable under acid conditions, particularly at elevated temperatures, 
and the enzymes are unstable at extremes of temperatures and pH. The 
preferable concentration of the enzymes is a function of the.substrate efficiency 
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of the particular ribosyi donors and acceptors used and the length of time 
that one wishes to allow the reaction to proceed. In some cases it is prefer- 
able to use larger amounts of the enzyme :n order to reduce the reaction 
time because of the instability of certain of the products in aqueous solution. 
The purity of the enzymes used :s a question of convenience. Cruce extracts 
will catalyze tne desired reactions nut the vield of prcrl^jcz Is us':a'l\' 'ess 
anc its isolation :s more difficult t^:an '.-/her. purified enzyr:-;e5 are usee for 
the reasons explained above. I; the enzymes used are stored as ammonium 
sulfate suspensions, tney are preferably added to the reactions as centrifuged 
pellets from the suspensions rather than as the whole suspensions. 

Enzvmes mi ay be saivaged fr-om rearticn m^ixtures, for instance 
by batch adsorption onto DE AE-cellulose after- the reaction has reachec 
a satisfactory point and subsequent r-emicval from the soluble com;oonents 
of the reaction mixture by centrifugation or by gel filtration of reaction 
mixtures. In some cases, enzymes mav be recycled by virtue of the fact 
that the bulk of the product precipitates out from the reaction mixture 
and, upon its removal^ more starting material may be added to the reaction 
fluid in order that the product formation may be resumed. 

Usually it is preferable that all the ccmiponents are contained in 
suspension or solution but when highly soluble substrates are used an alter- 
native procedure wherein a solution of the reaction mixture comiponents 
except enzymes is pumped slowly through a column containing a stationary 
phase to which the appropriate enzymes have been fixed, { for instance, 
when the enzymies are adsorbed on a DE A a-cellulose ) mav be preferable . 



It has been founc that 



If It :s so desmed, enzym^es mav be conse~\'ed 
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rtihns to proceed for extended periods of time, for example, 
by allowing reactibns to proceeu 

However for reaction mixtures which are 
up to thirty days or longer. However, lo 

,e„.a«. .o. .ore one dav i. is .es.raMe ,„ nave an ant>.ic.oMa, 
.,en„ io. e.a.p.e so^un, po.a... a..e c. ,o.ene. .n ,He .eac.on 

other technique known to the art. 

The desired purine ribonuOeosides ma, be recovered or isolated 
p, o^ the .nown means .or separating ...tores o, che.icai compounds 
,„„ .ndividua, compounds. For exampie, the separat.on can P= a.'ected 
„ h, u.i,..n, diiierenoes in the soiuPUities in various solvents between tne 

■ ■ ,k. difference in their distribution 
desired end product and impur,t>es, the d.lferenc 

„.„icients between two solvent lasers, the di«erence in their adsorP- 
..Uities to an adsorbent such as ion-exchange resins, the di«erence in 
.Heir rates o, passage through crossUn.ed resins such as polyacr,lam,de 
,.,3, or the difference in their crysta,li.abili.res.om a solvent. Incases 
Where the product cr.tali.es out 0. the reaction m.ture. it can be collected 
b, centr^usation or b. f.ltration with or without a tiiter aid. In pract.ce. 
,,„e means for separation or isolation are carried out in combination or 
.epeatedlv dependins on the desired purity and state oi the products. 



coei 
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• V r.lP. illustrate the invention but should in no 
The following Examples lilustraxe 

way be considered as a limitation thereof. 



EXAMPLEJ, 

.1 .-A^noifeD^nbofusnosyM^^ 



, ,„c,.o„ mature comprising an a.ueous suspension ( 30 ml , containing 
„ ._,„i„o-lH-imida.o<M-c)pyridlne m moles ,. uridine < r.2 m moles ), 
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^2^^^^ (2.8 m moles ), potassium azide ( 0,1^ m moles ), purine nucleoside 
phosphcrylase ( 1, 120 International Units lU ), ( obtained as described 
in European Patent Application No. 78101295. 0 ) and -jridine phcsphoryiase 
( 156 lU ) purified from Escherichia coll ( Krenitsky, T,A., 3iochim . 5ioph \'s. 

5 Acta , 1976, ^29 , 352 - 35S ) was prepared, tne pH of the reaction mixture 

being adjusted to 7.0 with potassium hydroxide prior to addition of the enzymes. 
AfTer 15 days a: 37'^C, the reaction mixture was filtered and then clarifie^' 

^entrifugation at -8,000 x g at 3^C for 10 minutes. The s'jpernatant 
was applied to a Sephadex G-10 column ( 2 x 90cm ). The column was elute::' 

[r. ^A'ith water. Fractions containing product ( monitored by TL'C/ri^O ) were 
combiried and the volume redi:ced m vacuo to -0 ml. n-Prooanol ( 20 ml 
was added to the solution. After clarification by filtration, the solution 
was appliec;' to a column packed whth polyacrylamide ( P-2, Bio Rad Laboratories ) 
( 5 X 90 cm ) and eluted with 30% n-propanol. After elution with 3 

1 ^ litres of 3096 n-propanol, 50 md of a saturated solution of ammonium, bicarbonate 
in 30% n-propanol was applied to the column and then elutien with 30% 
n^propanol was resumed. Product was eluted and dried in vacuo. The dried 
material was dissolved in water ( 5 ml ) and applied to a Sephadex G-iO 
column ( 2 X 90 cm ) and eluted with water. Fractions containing the product 

20 were pooled and lyophilized, to give ^-amino-1 -B-D-ribofuranosyl-lH- 
imidazo(^,5-c)pyridine as the hemihydrate. 



Anal, calculated for C ^ j H ^ ^N^O^. ~ H^O 

Tneorv: C, 4S.00; Hp. ^9; N, 20.35% 

^o-jDC: C, ^^,05] H, 5.51: N, 20,^0% 



IJ.V. S3ect-a ' nm ) Max '.^in Shoulder 

25 O.IN HCl 262 230 2-^5 , 

O.IN r.aOH 265.5 232 
CLB/DD/5325/20.3.SI. 
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Thin layer chromatography ( TLC ): a chromatograph on cellulose 
using «.ater as the solvent showed only a single spot. 
EXAMPLE ! 

T^^i^JIl^rD^ribof!^^ 

A reacfon mixture «as prepared comprising .-chloro-lH-im.dazo 
(, 5-c)pyrid.ne ( 23 m moles ), uridine ( 27.. m moles ), potassium phosphate 
, „„,es water ( 123 ml ), n-propanol ( 20 ml X purine nucleoside 
phosphorylase ( as described in Example 1, 13.000 l.U. ) and ur.dine phosphory- 
,.3- ( as described in Example 1, l.IOD l.U. ). Pr.or to addition o, the enzymes 
the pH ol the reaction m.xture was adjusted to 6.7. The suspension was 
' incubated at 37°C tor 1 1 days and then further purine nucleoside phosphory- 
,a,e ( 1 000 I. U. ) and of ur.dme phosphorylase ( 100 1. U. ) added. After 
2 more days a, 37°C, the react.on m.xture was filtered and the filtrate 

nn-il 'he volume was decreased by one half, 
placed on a rotary evaporator unul che voium 

applied to a Sephadex column { G-10 ) ( 5 x 90 cm ) 

and eluted with water. Fract.ons containing the product were combined 
and evapourated to 10 ml in vacuo. This solution was applied to a column 
pacKed with polyacrylamide ( P-2, B.o Rad Laboratories ) ( 2.5 x 90 cn, ) 
,„d eluted with 30% n-propanol. Fractions containing the product without 
yellow colour were combined and evaporated in vacuo until the bulk of 
the propanol was removed. The remaining water was removed by lypohih- 
zation to g.ve .-chloro-l-^-D-ribofurano=yMH-imidazo(.,5-c) pyr.dine 

( 2.9. g ). 

Anal. Calculated for CjjHjjClNjOj 

Theory: C ...2.. H. ..23., M, ,..70, Cl,12..1% 

Found: C .6.32; H, ..26; N, 1..66; C1,12.3S% 
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L'.V. Spectra ( nm ): 

Solvent Max Min Shoulder 

CAS HCl 257,266 236 273 

C.IN NaOH 27^ 235 260.269 

Thin layer chromatography: A chromatograph on ceiiulcse *jsing 
n-pro pane 1/ saturated aq'jeous annmcniunn sulpha te/N scdi'j.n^ acetate 
( 2: 79: 1 9 ■ as solvent, gave a single spot. 

EXAMPLE 3 

Pre par at ion of --A mino- 1 -B-D-r ibcf uranosyl- 1 H-inr;:da2o(-,5-c'i pyrid ine 
from the --chloro analogue 

(a) via the ^-hydrazino intermediate 



A solution of ^-chloro-l-p-D-ribofuranosyi-lH-imidazo(^,5-c) pyridine 
( 1 g, 3-5 m mole ) ( Example 2 ) in ^0 ml hydrazine hydrate was heated 
at reflux in a nitrogen atmosphere for 1 hour. The solution was taken to 
dryness in vacuo and the residue was dissolved in deoxygenated water 
( 80 ml ). After Raney Nickel ( 3.8 g wet weight ) was added, the mixture 
was refluxed for 1 hour and then filtered through a bed of celite and the 
catalyst was washed well in boiling water. The filtrate and washings were 
taken to cry ness m vacuo, redissoived in water ( 30 ml ) and ammonium 
7- sulfide solution ■ 1 m.l ) was added. After standing cvernignt a pre: ipitate 
formed- It was removed by filtration in vacuo and the soiution was ivoohil- 
ized. The coloured material was dissolved in Vv'ater and chro m-a to graphed 
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th. eluant The fractions containing product 
on cellulose using water as the eluant. 

«.c. ..... C 0.. sWa... owe... an. .ea,... 

.... T-h^ precipitate which formed upon standing 
gaseous hydrogen sulfide. The prec p 

■ ^ the filtrate was lyophilized. The residue 
was removed by filtration and the nitrate 

A .nnlied to a column containing Dowex-50-H. . 
was dissolved in water and applied 

, ,he ma^erial was eluted with 0.5N ammonium 
After a thorough water wash, the ma.e 

T. fractions were combined, taken to dryness invacuo 
hydroxide solution. The fractions we 

^ ( ^ ^v^,tpr to eive ii-amino-l-p-u-riDo 
and the residue was crys.aUized iron, wa,e. g / 

V ■ -..^ f n 73 0.86 m mole, i:>^ 
furanosyl-lH-imidazo(^5-c)pyrioine ( 0.23 

Anal, calculated for C^Hj^^N^O^,: 

r,3G2%- H,5.30%; N,21.0^%; 

Theory: C, 

„ 5 ,7%. N, 21.01%; 
Found: C,^9.36%; H, 5.12%, 

^3 (b) viajhejtbenzi^^ 

._Chloro-l-^D-ribofuranosyl-lH-imida.o(M-c)py^idine ( 2S.57 g ), 

and benzylamine ( 2^:.. g ) were refluxed in 2-ethoxyethanol (1.2 ml) 

X hours The reaction mixture was evaporated 
..der a nitrogen atmoshere for IS hours. _ ^ ^^^^ 

to dryness and the residue recrystallised twice from SD3A 

K , n.ino B-D-ribofuranosyl-lH-i-idazo (.,5-c)pyridine 

20 ^ ^ 
( 28.23 g ). 

^H\^tP ( 28 1 ^ ) dissolved 
The thus obtained a.benzylammo mtermediate i g 

, r -.sn ml) and 20% palladium hydroxide on carbon 
2-methoxyethanol ( 350 ml ) ana zu y 



in warm 





caiaJyst ( Pd ( OH ^2^^, 5g ), suspended in 2-rTtethoxyetnanoi, added to 
the solution. The resulting reaction nnixture was hydrogenciysed at siiehtly 
above armosheric pressure at about 55^C for 3 days. The reaction mixture 
was liitei-ed and concentrated to dryness and the residue stirred in hot wa.er 
( 600 ml ), cooled at 2C^C and filtered. The filtrate was exhaustively extracted 
with ethyl acetate, the extracts discarded and the filtrate concentrated 
to about 100 ml and coded to give tne desirec product which was collected 
by filtration. A second crop was obtained by adjusting the filtrate to pH 
10 and further concentrating tne solution. The second crop was recvstallised 
from water, combined with first crop and the comoinec crops recr'vstallised 
from 5D3A-water ( 2: 1 v/v ; 200 ml ) to give ^.-ammo- 1 -p-D-r:bof urancsy 1- 
iH-imidazo(^,5-c)pyridine ( 12.5 g ). 

E XAMPLE 4 

^-3en2rv- la m i no- 1 -5-D-ribof ur anosvl- 1 H-imidazo(^,3-c)pyridine 



A mixture of chloro-lH-imida2o(^,5-c)pyridine ( 2.0g, 13mmol ), 
benzyiamine ( 5mi ) and a few drops of water w^as heated at reflux for ^ 
days. The reaction mixture was poured onto ice and water and the cold 
mixture was extracted twice with diethyl ether. The ether was removed 

20 in ^^^'^^ ^^'^ ^he residual oil was triturated twace with hexane. The oil 

was suspended in water and the aqueous phase was neutralised with glacial 
acetic acid. The aqueous phase was taken to dryness in vacuo and resuspended 
in water ( 13 m.l ) and applied to a coiumin of Dowex 50 ( } resin ( lOg ). 
The column was washed with water until the ultra violet ab so r nance of 

25 the eluant was zero. The column packing was removed fr'om the coium.n 
and heated with several portions of concentrated am.monium h\'dr oxide 
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Preparation of ^-Benz ylamlno- 1 H-imidazo(^.3-c)pvr]dine 
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1 ,-^■,^n wRs filtered in vacuo, cooled and 
solution (WO ml). 'The 'basic solution was filter 

■.A The vellow solid was collected and 
neutralized with glacial acetic acid. The yello 

t aO°C to Eive .-benzylamino-iH-imidazo(.,5-c)pyridine 
dried in vacuo at W C to give ^ 

0.9ifg, m.p. 60-6'f°C, 31.5%. 



, ^„.,VS,s calculated «o.C,3H,,N, 0,3 H,0 ^^^^^^ 

C: 67.88 ^' ^-^^ 

H. 5 26 N: 2^.23% 

Found: 



10 



UV__Data: 
Solvent 
O.IN HCl 
O.IN NaOH 



Max ( nm ) 

277 

278 



13000 
11900 



Shoulder 
263 



15 



20 



A reaction mixture was prepared compr.sm| ur.d.ne ( ..1 g ) ■ 

,„.i„Idazo(..3-c)pyr-,dine ( O.SS . ) ( prepared as in Example .a ,, 0..M 
K;HvPO,(pH7.)U.l),oa3.MNa,BOTM..,n,wa«r<.00 

, .propane, UO ). P^r.e .Cees.de pHosp.or,.se , as descr.e 
. B.a.p. .SCO ,.a ) and u.d.ne pHospner.ase . a. deserved .n xa.p. 
1 3,0 ,.U. ). Tn-,s so ob,a.ned suspension was .ncubated ar 37 C and .or 

-ilTpred and the filter cake washed 
^ days. The so obtained suspension was altered 

^ive a_benzYlamino-lB-D-ribofuranosyl- 
with water and dried in vacuo to give t^en y 

•J- r n P ") as the monohydrate. 
lH-imidazo('^,5-c )pyridine ( 0.39 g } as 

,,,.,stals obtained by cooling the filtrate *o3°C, 

A second crop of crystals, 



0038568 



which was washed and dried vacuo . :o give' a 
product. 

Anavlsis calculated for* C , N , .H ^ 0 

T h e c r \' T 5 " - 

2r^d crop Found: C, 57.^5: 



^ "otal vieid of 0*^3 s oi 



Solvent 
O.IN HCl 
O.IN NaOr 



Max 
26S 



7 ^ ^ 



CLB;^DD/3325/2:.3,Si, 



• 



0038568 



Claims : 



B325 



3. 



^ method for the preparation of i.-substitutea p 



imdiazo-/F,5-5-pyndines of formula (I) 




(I) 



w 



,r,5.3pyridine »th a ..bose donor syste. co.pr.ing „bose-l -phosphate 
and a phosphorylase type enzyme. 

A method according to claim 1 wherein in the compound of Jormu.a (i) 
R is sel«:ted from amino, halogeno, thiol, alkylthio or substituted 

amino. 

A method according to claim 1 or claim 2 wherein the compound of 
formula (I, is ..amino-l-p-D-ribofur.nos,.-lH-imidazo-E,3^pyr.^.n=- 

A met^d according to any one o, claims 1 to 3 where.n the ribose- 
l-phosphate is generated en.ymat.cally in a- «rom a ribosyl donor 
and an inorganic phosphate. 

A method according to any one of cla.ms 1 to . wherein the r.bosy. 
donor is a purine or pyr.m.dine nucleoside or a mixture thereof. 



% 0 0038568 

A method according to any one of claims 1 to 5 wherein the phosphorylase 
type enzyme is purine nucleoside phosphorylase, pyrimidine nucleoside 
phosphorylase, thymidine phosphorylase or undine phosphor vlase. 

A method according to any one cf claims 1 to 6 wherein the inorganic 
phosphate is dipotassium hydrogen phosohate. 

A method according to any one of claims ! to 7 wherein the reaction 
is carried out in an aqueous medium or a medium containing up to 50% 
of aTi organic solvent. 

A method according to any one of claims I to 7 wherein the reaction 
is carried out at a pH of 5 to 9 and a temoerature of 3 to 37^C, 

A method for the preparation of ^-amino- 1 -B-D-ribof uranosy i-i H-imidazo- 
/i*^5-cy pyridine which comprises ribosylating a --halogeno-lH-imida2o/5,5-c7- 
pyridine followed by conversion of the halogeno substltuent to an 
amino group, characterised in that ribosyiation is carried out enzy- 
maticaily by reaction with ribose-l-phosphate and a phosphorylase 
type enzyme. 
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